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A B S T R A C T

Purpose
On the basis of evidence that resistance to vascular endothelial growth factor (VEGF) receptor
inhibition is caused by hypoxia-driven residual VEGF and other proangiogenic factors, combina-
tions of agents from these classes were hypothesized to improve treatment outcomes relative to
single-agent VEGF pathway blockade.

Patients and Methods
A total of 361 patients with metastatic clear cell renal cell carcinoma were randomly assigned
equally to arm A (bevacizumab monotherapy 10 mg/kg intravenously [IV] every 2 weeks), B
(bevacizumab 10 mg/kg IV every 2 weeks and temsirolimus 25 mg IV every week), C (bevacizumab
5 mg/kg IV every 2 weeks and sorafenib 200 mg orally twice daily on days 1 to 5, 8 to 12, 15 to
19, and 22 to 26), or D (sorafenib 200 mg twice daily and temsirolimus 25 mg IV weekly).
Progression-free survival was the primary end point.

Results
Among 331 eligible treated patients, median PFS was 7.5 months for bevacizumab alone (90% CI,
5.8 to 10.8 months), 7.6 months for bevacizumab plus temsirolimus (90% CI, 6.7 to 9.2 months),
9.2 months for bevacizumab plus sorafenib (90% CI, 7.5 to 11.4 months), and 7.4 months for
sorafenib plus temsirolimus (90% CI, 5.6 to 7.9 months). Hazard ratios from stratified Cox
proportional hazards models were 1.01, 0.89, and 1.07 (with respective P values of .95, .49, and
.68) for the three combinations, respectively, compared with bevacizumab alone. Adverse events
did not differ significantly among treatment arms.

Conclusion
The activity of sorafenib, temsirolimus, and bevacizumab administered in doublet combina-
tions did not significantly improve median progression-free survival in comparison with
bevacizumab monotherapy.

J Clin Oncol 33:2384-2391. © 2015 by American Society of Clinical Oncology

INTRODUCTION

The treatment of patients with metastatic clear
cell renal cell carcinoma (ccRCC) has been revo-
lutionized by the recognition that the frequent
loss of the von Hippel-Lindau gene product in
ccRCC results in dysregulated angiogenesis1 and
upregulation of proangiogenic cytokines, such as
vascular endothelial growth factor (VEGF).2

VEGF targeted antibody bevacizumab was the
first agent to demonstrate improved disease con-

trol,3 confirmed in subsequent phase III trials of
the addition of bevacizumab to interferon (IFN)
versus IFN alone.4,5 Several small-molecule inhib-
itors of the VEGF receptor (VEGFR) and recep-
tors of other proangiogenic cytokines, including
platelet-derived growth factor (PDGF), have
demonstrated single-agent efficacy in random-
ized trials.6-9 Rapamycin analog mammalian tar-
get of rapamycin (mTOR) inhibitors have been
suggested to downregulate the von Hippel-
Lindau–regulated hypoxia inducible factor (HIF)
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–1�,10 and two such agents have demonstrated improved out-
comes for patients with metastatic ccRCC in randomized trials.11,12

With objective response rates ranging from 10% to 40% in
treatment-naive patients and median progression-free survival of � 1
year with sorafenib, sunitinib, pazopanib, temsirolimus, and bevaci-
zumab with or without IFN, there remains a need for improved
therapy in patients with metastatic ccRCC (particularly for those with
adverse prognostic features).3,7,11,13

Interrogation of circulating angiogenic cytokines in patients receiv-
ing VEGFR-targeted therapies demonstrated a marked upregulation in
VEGF and soluble VEGFRs early in the course of treatment.14,15 This
motivated the investigation of bevacizumab and sorafenib specifically.
Early clinical investigations of combinations of VEGF, VEGFR, and
mTOR inhibitors were motivated by the hypothesis that VEGF and
mTOR signaling in endothelial cells is incompletely blocked when each
agent is administered at its maximum-tolerated dose.

Phase I clinical trials were conducted investigating two-drug
combinations of bevacizumab, sorafenib, and temsirolimus,16-18 and
recommended phase II doses were established. Doses for sorafenib
combined with either bevacizumab or temsirolimus were lower than
those established in single-agent trials because of overlapping toxici-
ties. Despite the need for dose attenuation, promising combination
activity was observed with these doublet regimens in patients with
ccRCC enrolled onto the phase Ib trials. Therefore, we proposed a
randomized phase II trial evaluating each two-drug combination reg-
imen of sorafenib, temsirolimus, and bevacizumab relative to a bench-
mark of single-agent bevacizumab. Single-agent bevacizumab has
been established to be well tolerated and active (response rate, 10%;
median progression-free survival [PFS] comparable to other single
agents investigated in study), justifying its choice as the reference
standard for this randomized phase II trial.3

We aimed to demonstrate an improvement in PFS with two-
drug therapy versus monotherapy with a statistical design attuned to
seeking a signal of efficacy. Further investigation would then be war-
ranted in a definitive phase III trial.

PATIENTS AND METHODS

Eligible patients were required to be age � 18 years and have unresectable
histologically confirmed ccRCC, with � 25% of any other histology. Patients
had to have undergone prior nephrectomy, unless the primary tumor was � 5
cm or the patient had extensive liver metastases (� 30% of liver parenchyma)
or multiple (� five) bone metastases. Normal organ function and an Eastern

Cooperative Oncology Group (ECOG) performance status of 0 or 1 were
required. Patients could not have had � one prior regimen containing a
vaccine or cytokine-based immunotherapy for advanced disease. Exclusion
criteria included prior antiangiogenic therapy, including but not limited to
sunitinib, sorafenib, pazopanib, vandetanib, or bevacizumab, or prior treat-
ment with mTOR inhibitors (temsirolimus, everolimus, or investigational).
Prior thalidomide or IFN-�-2b were allowed for either adjuvant or advanced-
disease therapy. History or clinical evidence of CNS disease was prohibited, as
were other medical conditions judged by the treating physician to raise the risk
of toxicities related to VEGF/VEGFR-targeted therapy. All patients provided
written voluntary informed consent using a document approved at the central
and local institutional review board levels.

Prior radiation therapy was permitted, but toxicities from radiation had
to have resolved, and a minimum of 2 weeks had to have elapsed before
random assignment. Pregnant (requiring testing within 7 days before random
assignment and treatment) and breastfeeding women were excluded. HIV-
positive patients receiving combination antiretroviral therapy were excluded
because of possible pharmacokinetic interactions with study drugs.

The primary objective was to determine median PFS for each study arm.
PFS was defined as time from random assignment to radiographic or clinical
evidence of disease progression (as defined by RECIST [version 1.0]19) or
death resulting from any cause without progression. Patients alive without
progression were censored at the date of last disease assessment. On the basis of
evidence from Bukowski et al,20 median PFS of approximately 9 months was to
be expected from single-agent bevacizumab. The study was designed to detect
a 67% improvement to 15 months (target PFS hazard ratio, 0.60) in any
combination cohort, assuming bevacizumab-treated patients confirmed the
prestudy assumption. The design called for enrollment of 80 eligible patients
onto each arm over 12 months, with 12 additional months of follow-up. This
design provided 90% power using a one-sided log-rank test stratified on prior
treatment and risk category with 10% type I error. Full information would
exist when 104 of 160 patients in a pair of cohorts had experienced progression
or died. To assure that 80 patients per arm were eligible, targeted accrual was 90
patients per arm (360 total patients).

A secondary objective was to estimate the proportion of patients with
stable disease at 6 months in each arm. Patients whose date of progression was
after 6 months or who were disease free at last follow-up beyond 6 months
were considered to be stable at 6 months, and all other patients were not.

The protocol stated that the final interpretation of study results, includ-
ing the suitability of a doublet for further testing, would be based on the
entirety of the outcome data and not on a single formal rule. For example, a
positive outcome for the primary end point of PFS would need to be taken in
context with regard to toxicity and other supportive efficacy evidence to
conclude whether further investigation would be warranted. Secondary end
points included response as assessed using RECIST and changes in tumor
burden and overall survival (OS). OS was defined as time from random
assignment to death. Patients alive at last contact were censored on the date of
last contact.

Randomly assigned
(N = 361)

Arm A
Bevacizumab

(n = 89)

Arm B
Bevacizumab/
Temsirolimus

(n = 91)

Arm C
Bevacizumab/

Sorafenib
(n = 90)

Arm D
Sorafenib/

Temsirolimus
(n = 91)

Excluded
   Ineligible
   Withdrew

dedulcnIdedulcnIdedulcnIdedulcnI )48 = n()38 = n()97 = n()48 = n(

(n = 4)
(n = 1)
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   Withdrew
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(n = 6)

Excluded
   Ineligible (n = 7)

Excluded
   Ineligible (n = 7)

Fig 1. CONSORT diagram.
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Table 1. Patient Demographic and Disease Characteristics

Characteristic

Arm A
(bevacizumab alone)

Arm B (bevacizumab
plus temsirolimus)

Arm C (bevacizumab
plus sorafenib)

Arm D (sorafenib
plus temsirolimus) Total

No. (%) No. (%) No. (%) No. (%) No. (%)

No. of patients 84 80 83 84 331
Sex

Male 62 (74) 55 (69) 57 (69) 67 (80) 241 (73)
Female 22 (26) 25 (31) 26 (31) 17 (20) 90 (27)

Race
White 79 (95) 69 (90) 75 (94) 80 (96) 303 (94)
African American 2 (2) 5 (7) 4 (5) 2 (2) 13 (4)
Asian 2 (2) 1 (1) 0 (0) 1 (1) 4 (1)
Native American 0 (0) 2 (3) 1 (1) 0 (0) 3 (1)
Unknown/missing 1 3 3 1 8

Ethnicity
Hispanic 1 (1) 3 (4) 2 (3) 0 (0) 6 (2)
Non-Hispanic 78 (99) 74 (96) 78 (98) 75 (100) 305 (98)
Unknown/missing 5 3 3 9 20

Age category, years
� 50 8 (10) 12 (15) 18 (22) 14 (17) 52 (16)
50-59 27 (32) 24 (30) 20 (24) 32 (38) 103 (31)
60-69 31 (37) 30 (38) 34 (41) 27 (32) 122 (37)
� 70 18 (21) 14 (18) 11 (13) 11 (13) 54 (16)

Histology
Clear cell 80 (95) 78 (98) 77 (83) 77 (92) 312 (94)
Mixed 4 (5) 2 (3) 6 (7) 7 (8) 19 (6)

Risk category as stratified
Favorable 29 (35) 30 (38) 28 (34) 27 (32) 114 (34)
Intermediate 31 (37) 27 (34) 35 (42) 32 (38) 125 (38)
Poor 24 (29) 23 (29) 20 (24) 25 (30) 92 (28)

Risk category
Favorable 26 (31) 27 (34) 25 (30) 31 (37) 109 (33)
Intermediate 34 (41) 31 (39) 37 (45) 31 (37) 133 (40)
Poor 24 (29) 22 (28) 21 (25) 22 (26) 89 (27)

Primary tumor � 5 cm�

No 6 (55) 7 (78) 3 (38) 7 (64) 23 (59)
Yes 5 (46) 2 (22) 5 (63) 4 (36) 16 (41)

Extensive liver involvement�

No 6 (55) 8 (89) 5 (63) 8 (73) 27 (69)
Yes 5 (46) 1 (11) 3 (38) 3 (27) 12 (31)

Multiple (� five) bone metastases�

No 9 (82) 7 (78) 7 (88) 7 (64) 30 (77)
Yes 2 (18) 2 (22) 1 (13) 4 (36) 9 (23)

T stage
0 2 (3) 0 (0) 0 (0) 0 (0) 2 (1)
1A 4 (5) 5 (6) 5 (6) 1 (1) 15 (5)
1B 7 (9) 8 (10) 11 (13) 10 (12) 36 (11)
2 16 (20) 16 (21) 16 (20) 19 (24) 67 (21)
3 1 (1) 1 (1) 0 (0) 0 (0) 2 (1)
3A 17 (21) 24 (31) 18 (22) 19 (24) 78 (24)
3B 20 (25) 17 (22) 21 (26) 25 (31) 83 (26)
3C 1 (1) 1 (1) 3 (4) 1 (1) 6 (2)
4 11 (14) 4 (5) 3 (4) 2 (3) 20 (6)
X 1 (1) 2 (3) 5 (6) 4 (5) 12 (4)
Unknown/missing 4 2 1 3 10

N stage
0 35 (46) 34 (44) 28 (36) 30 (38) 127 (41)
1 5 (7) 5 (6) 4 (5) 9 (11) 23 (7)
2 8 (10) 9 (12) 12 (16) 9 (11) 38 (12)
X 29 (38) 30 (39) 33 (43) 31 (39) 123 (40)
Unknown/missing 7 2 6 5 20

M stage
0 27 (34) 20 (25) 24 (30) 25 (31) 96 (30)
1 35 (44) 37 (47) 35 (43) 40 (49) 147 (46)
X 17 (22) 22 (28) 22 (28) 17 (21) 78 (24)
Unknown/missing 5 1 2 2 10

�Among patients with no prior nephrectomy.

Flaherty et al

2386 © 2015 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



Patients were randomly assigned equally to the four arms. Stratification
factors were as follows: prior therapy (cytokine or vaccine v neither) and
modified Memorial Sloan-Kettering Cancer Center risk category (favorable v
intermediate v poor), based on performance status, hemoglobin, corrected
calcium, and prior nephrectomy.21

Institutions obtained treatment assignments from a Web registration
program. The primary efficacy analysis was performed including eligible
treated patients. A sensitivity analysis of PFS was performed including all
randomly assigned patients. The safety population included all treated pa-
tients. The evaluation of changes in tumor burden included all patients with
measurable disease per RECIST.

Descriptive statistics were used to characterize patients, their disease, and
prior treatment at baseline. Differences in categorical variables were evaluated
using �2 or Fisher’s exact test.22 The Wilcoxon rank sum test23 or Kruskal-
Wallis test was used to test for differences in continuous variables by group.24

The Kaplan-Meier method was used to graphically portray PFS and
OS.25 Stratified proportional hazards models and stratified log-rank tests were
used to estimate the PFS and OS distributions for each arm and for compari-
sons with bevacizumab alone (arm A).26 The method described by Grambsch
and Therneau27 was used to test the proportional hazards assumption of the
PFS model. Unless otherwise indicated, P values are two sided, and no adjust-
ments were made for multiple comparisons.

RESULTS

The study was activated on September 14, 2007, and closed to accrual on
December 10, 2010, after accrual of 361 patients. The data cutoff for this
report was February 7, 2014. Patient disposition is detailed in Fig 1. The
primary efficacy population included the 331 eligible patients who re-
ceived treatment. The toxicity analysis included all 355 treated patients.
Table 1 lists patient characteristics by treatment arm. Median age was 61
years.Thearmswerewellbalancedwithrespecttobaselinecharacteristics.

Efficacy

By hazard ratio, there were no significant differences in PFS between
the three combination arms and the bevacizumab arm (Fig 2); the two-

sided CIs are wider than the 80% CIs that would correspond to the 10%
one-sided type I error of the study design. Patients treated with the com-
bination of bevacizumab and sorafenib had a median PFS (9.2 months)
that was approximately 1 to 2 months longer than that of the other arms
(7.4 to 7.6 months) that was not significant. Inclusion of the ineligible
patientsintheanalysisdidnotchangetheconclusionthatnocombination
improved PFS compared with bevacizumab alone.

A secondary objective was to estimate the proportion of patients
with stable disease at 6 months in each arm. The rates of 6-month PFS
were essentially the same: bevacizumab alone, 55%; bevacizumab plus
temsirolimus, 56%; bevacizumab plus sorafenib, 59%; and sorafenib
plus temsirolimus, 54%.

There were no differences in OS by arm (Fig 3). Median OS was
28.6 months in the bevacizumab-alone arm relative to bevacizumab
plus temsirolimus (24.7 months), bevacizumab plus sorafenib (27.5
months), and sorafenib plus temsirolimus (24.3 months).

Response was assessed by RECIST (version 1.0). Overall response
rates (including complete and partial responses) are listed in Table 2,
along with 95% exact binomial CIs. Response rates were higher
among patients treated with combinations including bevacizumab
compared with bevacizumab alone, but the response rate in the
sorafenib plus temsirolimus arm was not statistically significantly dif-
ferent from that observed with single-agent bevacizumab.

Appendix Figure A1 (online only) shows spider plots depicting
the percent change from baseline in tumor burden over time by
treatment arm, considering the change in the sum of the longest
diameter of target lesions among 326 patients with measurable disease
at baseline. It seems that a higher proportion of patients randomly
assigned to arm C (bevacizumab plus sorafenib) had favorable tumor
size/regression trajectories. This is consistent with the nonsignificantly
prolonged PFS and higher response rate observed in this arm. Appen-
dix Figure A2 (online only) shows each patient’s maximum percent
change in target lesions.

Treatment and Dose-Intensity

To understand if observed treatment effects were affected by dose
reductions resulting from toxicity, we explored dose-intensity for each
arm. Dose-intensity at selected intervals by agent and arm is shown in
Figure 4. This was the proportion of planned dose actually adminis-
tered in a cycle. Doses administered were determined based on pill
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counts and diaries for sorafenib, an oral agent. All other agents were
administered by infusion, and doses were reported on case report
forms. The dose-intensity remained high for bevacizumab when ad-
ministered as monotherapy or in combination. However, sorafenib
and temsirolimus dose-intensity was notably attenuated in the early
cycles of therapy. Only arms A and B initiated each agent at their
standard single-agent doses per protocol. Thus, the doses of sorafenib
and temsirolimus administered in arms C and D were the furthest

from the single-agent doses for which phase III trials demonstrated
single-agent benefit in ccRCC.

Adverse Events

All treated patients were included in the analysis of adverse events.
Table 3 lists rates of all adverse events of grade � 3 that were considered
possibly, probably, or definitely related to treatment. The rates of grade 3
to 5 toxicities were 44% (arm A), 77% (arm B), 82% (arm C), and 84%

Table 2. Objective Response Rates

Response
Arm A

(bevacizumab alone)
Arm B (bevacizumab
plus temsirolimus)

Arm C (bevacizumab
plus sorafenib)

Arm D (sorafenib
plus temsirolimus)

No. assessed 83 79 82 84
CR, % 1.2 — 2.4 —
PR, % 12.0 31.6 28.0 20.2
SD, % 50.6 51.9 43.9 51.2
PD, % 24.1 6.3 14.6 15.5
NE, % 12.0 10.1 11.0 13.1
ORR (pairwise comparison; Fisher’s exact P)

A v B .008
A v C .009
A v D .30

Abbreviations: CR, complete response; NE, not evaluable; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease.
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(arm D), with the lower rate in arm A being statistically significant (Fish-
er’s exact P � .001 comparing grades 3 to 5 with 0 to 2). There were five
treatment-relateddeaths(includedingrade3to5toxicityrates)andseven
other deaths that were unlikely to have been related or were unrelated to
treatment but that occurred within 30 days of the end of treatment (dis-
tributed across all four arms). Nineteen patients died as a result of disease
progression within 30 days of receiving protocol therapy and were simi-
larly distributed among the treatment cohorts.

DISCUSSION

ECOG 2804 was one of the first examinations of combination targeted
therapy doublets in patients with ccRCC. We observed PFS ranging
from 7 to 9 months for the combination regimens, which did not differ
from the single-agent activity of bevacizumab seen in our trial or
previous investigations in similar patient populations.3,20

The demonstration of benefit with sequential therapy mandates
that combination regimens produce large improvements in disease
control, which motivated setting the targeted improvement in PFS at
67%. Response rates by RECIST were highest on arms B and C, in
which bevacizumab was combined with another agent. It is interesting
to note that this impact on tumor regression (with statistical signifi-
cance) did not translate into a statistically significant difference in PFS,
although the arm with the highest response rate (sorafenib plus bev-
acizumab) also had the longest median PFS. Because the default ap-
proach to administration of these agents has been sequential
monotherapy (including bevacizumab, which is commonly adminis-
tered alone, despite its label with IFN), these data do not support the
hypothesis that these agents can produce a synergistic effect on tumor
in the initial course of therapy or delay the emergence of resistance.

The rate of serious, life-threatening, or lethal adverse events with
the combination therapies in this study was substantial. Overall, grade
3 to 5 toxicities ranged from 77% to 84% in the combination arms
compared with 44% in the single-agent bevacizumab arm and aligned
with the observed toxicities in the previous phase Ib trials. Notably,
this rate of severe toxicity was observed despite reduced doses of
sorafenib in both arms in which it was included and temsirolimus in
the sorafenib plus temsirolimus arm. The difficulty in combining
these agents is further underscored by a higher rate of less serious
toxicities, which are well described for each agent. Because dose reduc-
tions are commonly considered for patients with intolerable grade 2,
as well as grade 3 to 4, toxicities, it is clear that these combinations are
difficult to administer. The precise nature of the toxicity interactions
between VEGF, VEGFR/PDGF receptor, and mTOR inhibitors is not
known, but increases in the rates of hand-foot syndrome and hyper-
tension support on-target mechanistic interactions as opposed to
purely pharmacokinetic effects, such as interference with drug clear-
ance or higher resultant drug exposure. Although we did not examine
pharmacokinetics in this trial, those analyses performed in the phase
Ib trials did not reveal significant drug-drug interactions.16-18

Other combinations of bevacizumab have demonstrated addi-
tional toxicities. The combination of bevacizumab and sunitinib
caused a particularly marked pattern of toxicity consistent with mi-
croangiopathy, taken to reflect severe endothelial cell injury as a con-
sequence of presumably on-target effects in normal tissues.28 Since the
launch of our study, preclinical investigations have shown that ac-
quired resistance to VEGFR is at least in part the result of angiogenic
escape via the production of alternative endothelial growth factors
capable of restoring angiogenesis despite continued VEGFR blockade.
A dominant mechanism underlying tyrosine kinase inhibitor

Table 3. Severe Adverse Events Possibly, Probably, or Definitely Related to Treatment

Adverse Event

Treatment Arm (%)

A (bevacizumab alone;
n � 88)

B (bevacizumab plus
temsirolimus; n � 86)

C (bevacizumab plus
sorafenib; n � 90)

D (sorafenib plus
temsirolimus; n � 91)

Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4 Grade 3 Grade 4

Hemoglobin — — 2 — 2 — 9 —
Lymphopenia — — 3 — 2 — 11 —
Platelets — — 2 — 1 — 9 —
Hypertension 20 — 17 — 34 3 8 —
Fatigue 2 — 15 — 10 1 13 1
Rash/desquamation 1 — 2 — 3 — 8 —
Hand-foot reaction — — 1 — 22 — 3 —
Dehydration — — 6 — 3 — 1 —
Diarrhea — — 7 — 7 — 10 —
Hypercholesterolemia — — 5 — — — 3 2
Hyperglycemia — — 10 — 2 — 18 —
Hypophosphatemia 2 — 8 — 11 — 33 —
Hypokalemia — — 2 — 3 — 5 —
Proteinuria 10 — 23 2 9 — 1 —
Hyponatremia — — 3 — 8 1 4 —
Hypertriglyceridemia — — 5 — — — 4 1
Abdominal pain 1 — 3 — 7 — 3 —
Head/headache 2 — 6 — 4 — 2 —
Dyspnea — — 7 — 1 — 1 1

NOTE. Occurring at rate � 5% in any arm.
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resistance is the hyperactivation of HIF-2 in response to tumor hyp-
oxia and the enhanced production of interleukin-8 and other HIF-
inducible angiogenic factors. Although combining different US Food
and Drug Administration–approved agents has proven disappointing
thus far (mainly because of toxicity concerns), new targets (eg, HIF-2�
antagonists, sphingosine kinase, CXCR4, p53, angiopoietin-2, c-Me,t
and activin-like kinase 1) have emerged and await validation in ongo-
ing clinical trials. It is also hypothesized that the greatest therapeutic
index might be achieved by employing agents with entirely distinct
mechanisms of action.

There is also increasing interest in combining antiangiogenic
agents with novel immunotherapies, a concept that is motivated in
part by the observations in preclinical models of immunosuppressive
effects mediated by proangiogenic growth factors.29 The now-
standard single-agent therapies—sunitinib and pazopanib—each
produce response rates of 30% to 40% and median PFS of � 10
months.30-32 These agents are inhibitors of multiple proangiogenic
cytokine receptors, including VEGFR and PDGF receptor. Although
sorafenib shares this basic mechanism of action, the objective response
rate with this agent in ccRCC is notably lower (10% to 20%).13 It is
possible that agents such as sunitinib and pazopanib represent com-
bination therapies in and of themselves, by intercepting multiple path-
ways important in ccRCC pathogenesis.

Our results, combined with other recent targeted therapy com-
bination investigations, suggest that combinations with overlapping
toxicities that cannot be combined at their individual full recom-
mended phase II doses should only be investigated in a cautious
stepwise fashion through phases I, II, and III. For this reason, our trial
involved a cautiously designed phase II randomized design to pick the
potential regimen for future study if sufficient activity and tolerable
toxicity were observed. A phase III trial testing the bevacizumab plus
temsirolimus combination in comparison with bevacizumab plus IFN

(ClinicalTrials.gov identifier NCT00631371) was launched in parallel
with this study, and its potential value might have been assessed
differently if the results of this study were available.

Pursuing therapeutic strategies with the doublets examined in
this study is, in our view, not warranted. Evidence has accumulated to
support the application of sequential single-agent therapy. Additional
advances in immunotherapy for ccRCC using agents that are likely to
be more active and less toxic than high-dose interleukin-2 (eg, pro-
grammed death–1 pathway blockade) have also changed the field and
may need to be taken into account in defining the optimal sequence
and choice of treatment for ccRCC.
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Fig A1. Change in size of target lesions over time. (A) Arm A (bevacizumab); (B) arm B (bevacizumab plus temsirolimus); (C) arm C (bevacizumab plus sorafenib);
(D) arm D (sorafenib plus temsirolimus).
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Fig A2. Patients’ maximum percent change in target lesions. (A) Arm A (bevacizumab); (B) arm B (bevacizumab plus temsirolimus); (C) arm C (bevacizumab plus
sorafenib); (D) arm D (sorafenib plus temsirolimus).
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